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Overall grade boundaries

Grade: 1 2 3 4 5 6 7

Mark range: 0-15 16 - 30 31-44 45 - 56 57 - 69 70 - 81 82 -100

This was the second May examination session based on the revised program for

mathematics SL.

Please note that as announced in Diploma Programme Co-ordinator Notes, March 2006, the
format of the examination papers is changing from May 2008. There are no changes to the
syllabus or to the internal assessment requirements. Each paper will consist of two sections,
each section worth 45 marks. Section A will be consist of short questions, section B will
consist of long questions. For Paper 1, no calculators of any kind are allowed. A graphic
display calculator (GDC) will continue to be required for paper 2. This change is to enable the
assessment of analytic skills to be more effective. It is not intended to assess arithmetic skills

and only simple arithmetic will be required.

Given that several candidates in this session thought that 3% s 9, it may be advisable to

ensure that students have practice in working questions without any calculator available.

Internal assessment

Component grade boundaries
Grade: 1 2 3 4 5 6 7

Mark range: 0-7 8-13 14 - 19 20-23 24 - 28 29-33 34 -40

This session saw a consolidation of efforts in schools to implement the recently revised
Internal Assessment requirements. Many teachers used material that they felt comfortable
with, reinforcing their own understanding of the assessment criteria, and using the portfolio as
a valuable teaching tool. Tasks were often drawn from the Teacher Support Material (TSM)
and teachers appeared better equipped to work with these tasks after having gone through

one examination session, or having attended teacher training.

The range and suitability of the work submitted

The majority of tasks selected came from the current TSM. Some schools still have copies of
older editions of the TSM and submitted tasks from these. Many of the tasks in these older

editions are no longer suitable as they were not designed to meet the current criteria. It is
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important that schools use the most current IB documents available. Please note that new
tasks will be published early in 2008, for use in 2009 and 2010, and that the tasks from all
other TSMs should not be submitted for final assessment after November 2008. Please see

the Diploma Programme Co-ordinator Notes, November 2006 for further details.

Some teachers used tasks that they designed, or tasks taken from other resources. This is
encouraging, and some of the tasks were interesting and effective. However, others, while
wonderful mathematical projects, did not suit the assessment criteria well. It is essential that
all tasks provide opportunity for candidates to achieve the highest levels in each of the
criteria. Unfortunately some tasks submitted did not allow for this, and candidates suffered as
a result. It is critical that teachers work through any task to ensure that its expectations will

allow candidates to reach the highest levels of each criterion.

Teachers should be aware that only those resources available through the IB are official and
that other text books do not have any official status. Tasks posted in the resource section on
the Online Curriculum Centre are not vetted by the IB. Any IA tasks taken from sources other
than the TSM may not satisfy all the criteria. As mentioned in the TSM, if using a task written
by someone else, it will be necessary to work the task first to check suitability. Amendments
will almost certainly be needed for the task to be incorporated into a particular course of

study.

The work presented was of generally good quality, with some exceptional pieces. Many
schools have taken to heart the aims of the portfolio and have used this form of internal

assessment effectively.

Candidate performance against each criterion

Criterion A: Use of Notation and Terminology

Performance here was good with many candidates attaining level 2. The greatest problem is
the use of non-mathematical notation, such as that from calculators or computers. Many
schools do not insist on the use of an appropriate symbol for “approximately equal to”.
Teachers are reminded to instruct their students that, if notation cannot be properly presented
through word-processing (there are many good equation editors for use with most word

processing packages), they should hand-write the notation.

Criterion B: Communication

The quality of communication generally improved over the last session. While there were still
problems with the proper labelling of graphs and tables, candidates produced better
mathematical writing. There was more of a flow to the work and more explanation was

provided. That said, there are still quite a few cases where work was presented in a ‘question
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& answer’ format, as if the task were simply a series of homework questions. This is not good

mathematical writing and any such work is limited to a maximum of B2.

The use of graphs in appendices is a problem. Graphs should appear in the body of the
work, at the points where they are used to support the work at hand. To do otherwise
interferes with the desired flow of the writing. If graphs cannot be labelled properly using the

computer software available, then labelling by hand is expected.

Some candidates offered work that was extensive in its scope and length. It is not intended
that a portfolio will be a long thesis. Rather, it should be in the order of 6 — 10 pages
depending upon the task and additional graphs or other diagrams. Page after page of

graphs, tables or calculations do not make for good communication.

Criterion C: Mathematical process

Type |

The portfolio is intended to address certain of the Assessment Objectives listed in the Subject
Guide. A Type | investigation should meet the requirements as laid out there. The
assessment criteria reflect the essential skills to be assessed, as also described in the guide.
Tasks assigned for Type | must address these skills so that they can be marked appropriately

against the criteria.

Where tasks provided for success, candidates generally performed well. They were able to
generate and organize data, then use a suitable mathematical analysis to produce a general
statement. Some candidates, however, did not recognize the need for sufficient data before
making a conjecture. Problems were also encountered when they tried to “test the validity” of
the general statement. This means checking other values by using the process they used to
generate their data, verifying that the result matches that obtained from their general
statement. Substituting other values into the statement and simplifying does not constitute

validation. This was a common error at level C5.

In some cases it was clear that the result of the investigation was already known to students.
This undermines the whole purpose of an investigation, and teachers should try to assign

tasks within the course of study in a way that maintains the integrity of the intended purpose.
Type Il

The process expected in a Type Il task, and reflected in the criteria, is that the student will
consider data provided or generated from a real-life scenario. They will then use their
mathematical skills to apply an appropriate strategy to develop a suitable mathematical
model. They must check how well the function developed fits the data, and make any
appropriate modifications. They will also apply their model to another set of data, or another

scenario, either obtained through their own research, or provided for in the task itself.
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Where teachers and candidates adhered to this process they were generally successful.
Candidates used their knowledge of periodic, exponential and other functions to good effect.
They demonstrated visually how well the graph of the model function fitted the data, and
described the fit qualitatively, and sometimes quantitatively. One problem was that
candidates immediately graphed both the data and the model function. Ordinarily one would
expect to see a plot of the data points followed by a discussion of why one function or another
would be a suitable model, followed by the presentation of the model function graph and a

comparison to the data.

Given the power of technology it is tempting to let the calculator or computer do the work and
create a “best-fit” model by way of regression analysis. While this is a useful feature,

regression must not be used as the primary tool for developing the function.

Candidates and teachers have not properly recognized the need to explicitly identify the
variables to be used. Where multiple functions are involved in a model, for example in the
Stopping Distances task, they should not all be identified as ‘y’ since each function represents
a distinct aspect of the situation. The variables used were very often X and Yy, the old
standards. While this is not incorrect, it tends to lead the student away from the modelling
aspects of the task and towards a strictly mathematical discussion. Candidates rarely

outlined in an explicit manner the real-life constraints of the quantities involved.

Criterion D: Results

Type |

While criterion C considers the process of obtaining and verifying a general statement,
criterion D considers the results. Candidates may arrive at a general statement, incorrect or
incomplete, and still score up to D3. Some teachers did not appreciate this nuance and
applied severe penalties where the correct general statement did not appear. Candidates
were not always able to produce the correct (at times this would be the final correct statement
after a series of preliminary ones) statement, yet made a good attempt at doing so. More
difficulty was apparent in levels D4 and D5. Candidates often offered only a limited
exploration of scope and limitations to their general statement. Fewer still were able to

properly explain why their statement worked.
Type ll

For a modelling task the assessment under criterion D addresses the results and the
interpretation of them in the real life scenario of the task. Candidates may arrive at some
results, even if those results do not properly model the data, and be awarded up to D2.
Beyond this the quality of interpretation will determine the marks awarded. However, no
marks are available beyond D2 if the context is not addressed. This is a common problem,

with many candidates losing track of the true purpose of the task, and focusing instead on the
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mathematical behaviour of graphs and variables. This was highlighted by the many cases
where candidates would simply create a graph of a continuous function without any

consideration of the discrete nature of some data.

Any model is a balance between convenience and accuracy. Consideration of the
reasonableness of the model, including an appropriate degree of accuracy, highlights the
notion that models should work reasonably well, yet not be bogged down with parameters of
six or more significant figures. Discussion as to limitations and possible modifications to
make the model function fit better, or adjust to new circumstances, is also expected at levels

D4 and D5. Many candidates found it difficult to achieve these higher levels in criterion D.

Criterion E: Use of technology

Candidates were generally more sophisticated in their use of technology. In the best cases
graphing software allowed candidates to offer various versions of their efforts in modelling
tasks, and show how a given general statement matched the pattern of behaviour in an
investigation. Some students used spreadsheets effectively to show numerical patterns. In
other cases little or no evidence of the use of technology was offered, nor did the candidate or
teacher identify its use. Some tasks were not well suited to the use of technology and this

made the assessment under criterion E difficult.

Teachers have widely varying expectations of the use of the technology available to their
students. It is extremely important that teachers provide information that gives a rationale for
their assessment. Without comment, the simple inclusion of a few printouts of graphs may

not constitute effective use of technology.

Criterion F: Quality of work

This holistic criterion assesses the level of understanding, insight, and mathematical
sophistication shown in the work. While it is expected that candidates should score well
elsewhere, it is not required that every other criteria receive maximum marks before a mark of
F2 can be awarded. However, simply answering the questions in the task is generally not
sufficient for F2. A mark of FO should be given only where a candidate has made little effort

whatsoever.

Recommendations for the teaching of future candidates
Teachers and students should pay closer attention to the proper use of appropriate notation,

especially in cases where approximations are involved.

Candidates must consider their work as a cohesive piece of mathematical writing, not a

homework exercise. Graphs and diagrams should be placed in context, and there should be
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a natural flow between sections. Proper explanations should accompany any working, and all

graphs and diagrams must be properly and consistently labelled, even if by hand.

Where students are investigating a mathematical behaviour, sufficient evidence should be
presented before a conjecture is made. Once the conjecture is made, it should be verified by
testing new values against both the general statement and the process that creates the

pattern.

More effort needs to be made to explicitly identify variables, parameters and constraints at an
early point in response to a modelling task. Analysis must involve mathematical skills
covered in the syllabus. Students should show why and how they have arrived at the model

and parameters used.

Graphs should show a plot of the original data (often the data is discrete) before a function is

arrived at, followed then by various examples of functions that make for a better and better fit.

Students should appreciate that the ultimate goal is to model the real-life behaviour. Thus a
thorough discussion of how reasonable and accurate the model is should be included.
Reasonableness may include a discussion of the discrete nature of original data versus the

continuous nature of the model function.

The use of technology must enhance the development of the task. Students should be able
to offer more evidence in support of their work than if they did not have the technological tools
available. They may require instruction as to how to best use the features of the calculator or

software in order to achieve this.

The quality of work is often directly linked to the degree with which the student is engaged in
the task. Teachers should try to help students see their work as a comprehensive and

cohesive effort to address a mathematical situation with insight and understanding.

Teachers are reminded that they should establish an internal moderation process wherever
more than one teacher is involved in the marking. A good idea is to cross-mark a nhumber of
the portfolios to ensure that the team is in agreement on key points of the assessment. The
sample for moderation reflects the whole school so discrepancies in individual marking can

make the process difficult.

Teachers should also compare their assessment with the moderated assessment by viewing
the component scores available on IBIS. This can give a general idea of how generous or
severe their marking might have been and may indicate that further reflection is necessary for
certain criteria. Mark changes of 1 or 2 points are common and teachers should not consider

this as a significant problem.
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External assessment

Component grade boundaries

Paper 1

Grade: 1 2 3 4 5 6 7

Mark range: 0-13 14 - 26 27 -40 41 -51 52-63 64-74 75-90

Paper 2

Grade: 1 2 3 4 5 6 7

Mark range: 0-13 14 - 27 28 - 38 39-49 50 - 61 62-72 73-90

The areas of the programme and examination that appeared
difficult for the candidates

Some centres appear not to cover the whole syllabus, which means that candidates from

those centres were not able to make an attempt on several questions.
The topics with poor cover include :
e Binomial and Normal Distributions
e Cumulative Frequency
e Probability
e Functions : their composites and inverses caused some difficulties
e Transformations of the graphs of functions was poorly understood by some centres
e Differentiation and integration of more difficult functions
e Knowing which are the direction vectors in order to find the angle between two lines

Some candidates had difficulty in deciding the appropriate use of their GDC. See individual

question information below.

There were many instances of accuracy errors due to rounding of intermediate answers.

The areas of the programme and examination in which candidates
appeared well prepared

There were many fine papers and the work was generally set out in a clear, concise manner.

In general, candidates demonstrated a broad range of knowledge. More candidates are also
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showing at least some working which means they were at getting some marks for their

working.

See question analysis below for more details.

The strengths and weaknesses of the candidates in the treatment
of individual questions

Paper 1

Question 1

This question was well answered with lots of full marks awarded.

A few candidates who mentioned the ratio 1:5 without quoting the answer of % or 0.2 gained

no credit. Some candidates forgot to do part b(ii) or only quoted the formula. This formula

needed to have the values substituted in it for credit.

Question 2

This was not well answered for an early question. Most candidates assumed the events are
independent (which they are not). A surprising number did elaborate on incorrect calculations
to find P(B).

Question 3
This question was well done and most candidates answered it using the obvious method of

the cosine rule. A minority arbitrarily assumed the triangle to be a right-angled one.

Question 4
This question was not well answered for an early question. Some candidates wrote down the
range when they were asked for the “IQR”. In part (b) many candidates lost the last two marks

by misinterpreting the question and using the 60" percentile instead of the 40",

Question 5
This question was quite well done. This suggests that the concept of logarithms is better

understood.

Question 6
This question was well done by most candidates. However some candidates tried to do the
question by finding the angle. This approach is not acceptable when exact answers are

required.
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Question 7

This question was quite well done. The inverse of f o g caused candidates difficulties where

they had not simplified foQg X to 1+2x.

Question 8

Part (a) was well done with most candidates quoting the inverse having used their GDC.
However many then tried to solve the equations using algebra and frequently got lost in the
working. It seems that some centres are not teaching the elegant matrix method of solving

simultaneous equations.

Some candidates wrote down the matrix equations for part (b) in the wrong order but then did

the correct calculation to find X, y and z.

Question 9

This was well answered by some centres but not others. Many could not correctly integrate

e 2! put could manage the rest of the question.

Question 10
This question was not well done. The most common error was to use the given value of the

probability (0.705) as the z-value.

Question 11
The responses to this question were disappointing. Many candidates are unaware of the
graphical significance of the derivative. Also the transformations of functions in parts (b) and

(c) are not understood very well by many candidates.

Question 12
There were some good attempts at this more difficult binomial expansion. Most candidates

appreciated there were seven terms and many identified and expanded the correct one.

13,

The phrase “term in X was misinterpreted by some candidates. Some candidates

understood “term” to mean “coefficient”.

Question 13

This question encouraged the use of a GDC in seeing the graph, and then examined the
ability to analyse the resulting graph of the function. There were many good attempts at this
question. A surprising number however did not appreciate that the normals are vertical lines

and did a lot of work in trying to find their equations.
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Question 14
The aim of this question was to test candidate’s understanding of the concept of integration.

Most got part (a) correct. Many then correctly split the integral but got into a muddle over

3
_[ f (X)dx . There were a surprising number of candidates who calculated 3° as 9.

Question 15
This was quite well answered for the last question on the paper. Many could “see” that there

was only one solution but had difficulty in expressing the reason for this in mathematical

terms. Some candidates could not relate the factorised quadratic to the equation in 2*.

Paper 2

Question 1: Quadratic function, derivatives and area

Part A

This was very well done by the majority of candidates. When writing the equation of the

tangent line T, students must be sure to write y=-6x+5. Too often only the expression

—6x+5 or the equation T =—6Xx+5 were seen.
Part B

Even though it was stated in the question that X was given in radians, there were many
candidates who worked in degrees. When asked to find the value of the derivative at the
maximum point B, many candidates found the coordinates of B and substituted this into the
derivative instead of stating that the value was zero at the maximum. When working with the
area of R, many were able to write down the correct integral expression. However, too many
candidates spent considerable time trying to work out the integral algebraically. They would
have needed integration by parts, which is outside the maths SL syllabus, and the expectation

was that they find the definite integral with the GDC.

Question 2: Trigonometry of sectors and areas

Many candidates did well on this question. Some candidates converted the angles to
degrees, worked in degrees throughout and then converted their final answers back to
radians. Almost all began correctly with the cosine rule; however, many ignored the negative
value of the cosine when evaluating the angle. Many were confused about how to answer
part (b), with a common mistake being to take angle AOB as equal to twice angle APB.
Common errors in the later parts of the question were using the incorrect radius when finding

the area of a sector and using the incorrect areas to find the area of the shaded region.
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Question 3: Probability

Candidates were successful in completing the tree diagram although a significant number
wrote the combined probabilities on the second branch. It appeared that there was confusion
in reading the diagram and the question correctly. Many were able to calculate the probability
of E. The final two parts of the question were very poorly done. Many candidates did not
recognize that binomial probability was needed. Those who did recognize binomial
probability often failed to use the combination term in finding the probability. Another major

problem was that a large number of candidates did not use their value for the probability of E

but instead used the value of % or some other value.

Question 4: Vectors

There has been improvement over the past few years in the question on vectors although
there were still a number of candidates who obtained very few marks. Candidates had
difficulty with the “show that” question and often seemed dismayed at the equation being
written in an unfamiliar form. The concept of the vector equation of a line is something that
candidates find difficult. There was mixed success in finding the intersection point of the two
lines; a number of candidates used the same parameter for both lines even though two
different ones were given in the question. In finding the angle between the two lines, many
candidates were able to use the formula correctly but were not successful in identifying the
direction vectors. Very often it was difficult to determine which vectors the candidates were
using; it is important for the candidates to state the vectors used so that appropriate follow

through marks can be awarded.

Question 5: Calculus

In general, candidates did well writing down the equations of the asymptotes and intercepts.
However, sketches were often poorly drawn. The horizontal asymptote was often missing and
what passed for the vertical asymptote was simply what the calculator displayed as the graph
in its normal graphing mode. Diagrams were too small and curves touched asymptotes.
There was little evidence that candidates could interpret what they saw on the calculator

screen in order to produce a meaningful sketch.

There was considerable difficulty in finding the indefinite integral; often the constants were
incorrect or missing and the integral of QX—5E was missed. The final part of the question

caused many difficulties. A m was often missing on one side of the equation and quantities
were squared which already had been squared. A significant number of candidates were
successful in finding the value of a as 4, but it was not always easy to see where this came

from.
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Recommendations and guidance for the teaching of future
candidates

Page 12

Teachers should check the information given in the subject guide and make sure
candidates are aware of the meaning of the command terms and notation that may

be used in questions.
Centres need to be sure they cover the whole syllabus.

Give candidates practice in knowing when it is appropriate to use the GDC and when
analytic approaches are called for. A GDC approach may be the best or even the only
way of evaluating some definite integrals and finding solutions of some equations. If
a graph is used, a sketch of the graph must be included as is clearly stated in the
exam booklet itself. This particular paper showed the necessity of getting an
appropriate window when looking at a graph of a function and highlighted the

inaccuracy of answers found using the trace function.

When working with the calculator, candidates should be careful to carry through more

than three significant figures in their working and only round required answers.

Calculator syntax and notation should not be used. Candidates must show their set-

up in mathematical notation.

Candidates need more practice in integration and differentiation of more difficult

functions and their use in problem solving.

Much more work needs to be done on probability, especially in recognizing and

analyzing binomial and normal probability situations.

Give students practice in showing that certain results are true. Each step of
working/reasoning must be clearly shown. Generally, these types of questions are not
to be done with the GDC. It is also important that candidates do not work in reverse

and simply verify that the answer is correct.

Give students practice in giving explanations for results and be tough in the marking

of such explanations, demanding accuracy and clarity.
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